Phase- Sensitive measurements on the corner junction of iron-based superconductor BaFci 8C00 2AS2 
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We have made a phase-sensitive measurement on the corner junction of the iron-based superconductor 
BaFei gCoo.2As2, and observed the typical Fraunhofer-like diffraction pattern. The result suggests that there 
is no phase shift between the a-c face and b-c face of a crystal, which indicates that the superconducting wave- 
function of the iron based superconductor is different from that of a cuprate superconductor. 

PACS numbers: 74.50. +r; 74.20.Rp; 74.70.-b; 
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The iron-based high T^ superconductors discovered several 
months ago have become the focus of interest in condensed- 
matter physics because they have displayed the high Tc up to 
55K so far [1] and included a magnetic element in the crys- 
talline structure. The similarities between the iron-based and 
cuprate superconductors, i.e. the layered crystal structure, the 
approximate 2D conduction layer J^l ||3|], closeness to a long 
range antiferromagnetic order fit], all suggest that the iron- 
based superconductors may have the same superconducting 
mechanism as the cuprate superconductor's. Recent heat ca- 
pacity measurement [SJ and photoemission spectroscopy 
measurements seem to favor this opinion. However, some 
other recent experiments such as ARPES fl, IE 01 , infrared 
spectrum |10], etc., would rather support that the iron-based 
superconductors act more like a conventional superconductor 
with regard to pairing behavior. Meanwhile, there are two dif- 
ferent kinds of theories in the effort of trying to disclose the 
underlying superconducting inechanism: one is based on the 
strong-coupling approach fill [T2I [Tsll . which emphasizes on- 
site coiTelations applicable to the high Te cuprate supercon- 
ductors; the another is based on the weak-coupling approach 
lITil [T5I [l6ll . which emphasizes itinerant-electron physics. 
The debates indicate that there is the need of much more work 
to do to determine the superconducting wavefunction as well 
as its underlying mechanism in the iron-based superconduc- 
tor, among which the phase-sensitive experiment is obviously 
one of the most important works drawing much attention. 

The first phase-sensitive experiment on cuprate supercon- 
ductor was reported in 1993 [17]. Since then, phase-sensitive 
experiments based on different co nfig urations especially the 
corner junction ifTsl [l9i l20l I21I I22I l23ll have played an impor- 
tant role in studying the high Tc cuprate superconductors, and 
it has been regarded as the most direct and key tool in studying 
some intrinsic properties of the superconducting wavefunc- 
tion. Till now, it is still the only one tool to directly detect the 



superconducting phase. 

For an ideal corner junction based on a conventional super- 
conductor, its critical current as a function of magnetic field is 
represented in the following form lfl9ll (shown in Fig. la): 



(ttO/Oo) 



where ^-Blt is the total magnetic flux threading it, I is the 
length of the corner junction, t is magnetic barrier thickness, 
Oo is the flux quantum. It reaches a peak at zero magnetic 
field. 
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FIG. 1: The schematic map of the diffraction pattern on a comer 
junction: (a) with zero phase shift; (b) with n phase shift. 
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For a corner junction based on cuprate superconductor, its 
critical current is represented in the diff'erent form [19J (shown 
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in Fig. lb): 

' ° (7r<D/2<l>o) ■ 

Obviously, at zero applied magnetic field, there is a minimum 
in the curve of critical current, because the n phase diff'erence 
of the superconducting wavefunction between the two faces 
of the crystal corner leads to a destructive interference of su- 
perconducting current. 

Therefore, the diffraction pattern of the critical current 
of corner junction could be used as typical and direct evi- 
dence, which indicates whether or not the wavefunction of 
a superconductor is like that of the cuprate superconduc- 
tor. In this letter, we present the phase-sensitive measure- 
ment on the corner junction of the iron-based superconductor 
BaFci gCoo 2AS2. To our knowledge, this is the first phase- 
sensitive experiment on the iron-based superconductors. 
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FIG. 2: The electrical characters of the corner junction at 1.8K: 
(a)Current- Voltage curve (b)Dynamic resistance vs voltage. 

We fabricated single crystal BaFci gCoo.aAsa into corner 
junctions in the way described in Ref lUTIl . Our single crys- 
tals with Tc=22K was obtained by flux-melt technique simi- 
lar as described in |24]. All of the samples are cleaved into 
small, thin sheets with the typical thicknesses of 20 ~ 40;um; 
and all the faces used for corner junction are cleavage planes, 
smooth and flat. After masking the sample (leaving the corner 
we need uncovered which is even at the both faces), we sput- 
ter about 40nm Au on the sample, then continue to sputter 
300nm Pb over the Au layer The typical lengths of both sides 
of the corner junctions in our experiment are 100~200^im, and 
the geometric asymmetry of the corner junctions are less than 
15%(According to Ref lUSll . the smaU asymmetry will not af- 
fect the final conclusion). Critical current of our junctions 
used for measurement at 2 K is 20yuA ~ 3mA which is fea- 
sible to measure at low temperature. We manufactured two 
superconductor cans with inner layer of Pb and outer layer of 
Nb in order to make sure of the good shielding eff'ect. Mea- 
surement was taken in the temperature range of 1.8K~ 4.2K 
which is far below the transition temperatures of Nb and Pb. 



The electrical characters of our corner junction is shown 
in Fig. 2, the 1-V curve(Fig.2a) exhibits a typical resis- 
tively shunted current-voltage character, which should be 
expected from superconductor-normal metal-superconductor 
(SNS) junction with a high quality. The very sharp transition 
in the dynamic resistance curve (Fig. 2b) makes it feasible to 
detect the critical current precisely. 
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FIG. 3: The Fraunhofer diffraction pattern of the critical current as 
a function of magnetic field taken at 1.8K. Magnetic field is applied 
by a self-made NbTi superconducting coil, the maximum scanning 
range of magnetic field is -800mG~ SOOmG, limited by the Joule 
heat in contacts. 

Magnetic field modulation of the critical current is shown in 
Fig. 3. It displays a typical, symmetric Fraunhofer diffraction 
pattern, completely different from that of the corner junction 
of cuprate superconductors, which shows a minimum instead 
of a maximum at zero field. The diffraction pattern of our edge 
junction is the same as that of our corner junction. Symmetric 
Fraunhofer diffraction pattern of the corner junction indicates 
that there is no phase shift between the a-c face and b-c face 
of the corner. The possibility of flux trapping in the corner 
could be ruled out 1 18], because this diffraction pattern can be 
repeatedly demonstrated in different samples and in the same 
sample during several different thermal cyclings between the 
measurement temperature and 25K. 

It should be mentioned hereby that, there has been a com- 
mon belief of which the n phase shift is a direct evidence for d- 
wave pairing symmetry, and on the other hand, the zero phase 
shift is that for s-wave pairing symmetry fl2\. Therefore, 
the result that we have reported here seems to support s-wave 
pairing symmetry. However, some otherpoints of view ll27ll 
is questioning about the ground theory {23\ fl^ of the above 
belief, and since the aim of this letter is to report the exper- 
imental result, we will leave the theoretical debate open for 
further research. 

In summary, we did phase-sensitive experiment in the iron- 
based superconductor BaFci gCo() 2As2, the typical Fraun- 
hofer diffraction pattern shows that the critical current is max- 
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imum at zero magnetic field, which means there is no phase 
shift between the a-c face and b-c face of the crystal cor- 
ner This indicates that the superconducting wavefunction of 
the iron based superconductor is definitely not like that of a 
cuprate superconductor. 



This work was supported by the 973 project of Ministry 
of Science and Technology of China, the National Natural 
Science Foundation of China, and the Knowledge Innovation 
Project of Chinese Academy of Sciences. 



[1] Zhi-An Ren, Wei Lu, Jie Yang, Wei Yi, Xiao-Li Shen, Zheng- 
Cai Li, Guang-Can Che, Xiao-Li Dong, Li-Ling Sun, Fang 
Zhou, Zhong-Xian Zhao, Chin. Phys. Lett. 25, 2215(2008) 

[2] Yoichi Kamihara, Takumi Watanabe, Masahiro Hirano, and 
Hideo Hosono, J. Am. Chem. Soc. 130, 3296(2008) 

[3] Marianne Rotter, Marcus Tegel, and Dirk Johrendt, Phys. Rev. 
lett. 101, 107006(2008) 

[4] Clarina de la Cruz, Q. Huang, J. W. Lynn, Jiying Li, W. Ratcliff 
n, J. L. Zarestky, H. A. Mook, G. F. Chen, J. L. Luo, N. L. 
Wang, and Pengcheng Dai, Nature 453, 899(2008) 

[5] Yoshimitsu Kohama, Yoichi Kamihara, Hitoshi Kawaji, Tooru 
Atake, Masahiro Hirano, and Hideo Hosono, J. Phys. Soc. Jpn. 
77, 094715(2008) 

[6] Yoshimitsu Kohama, Yoichi Kamihara, Hitoshi Kawaji, Tooru 
Atake, Masahiro Hirano, and Hideo Hosono, J. Phys. Soc. Jpn. 
77,063708(2008) 

[7] D. H. Lu, M. Yi, S.-K. Mo, A. S. Erickson, J. Analytis, J.-H. 
Chu, D. J. Singh, Z. Hussain, T. H. Geballe, L R. Fisher, and 
Z.-X. Shen, Nature 455, 81(2008) 

[8] Hai-Yun Liu, Xiao-Wen Jia, Wen-Tao Zhang, Lin Zhao, Jian- 
Qiao Meng, Guo-Dong Liu, Xiao-Li Dong, Gang Wu, Rong- 
Hua Liu, Xian-Hui Chen, Zhi-An Ren, Wei Yi, Guang-Can 
Che, Gen-Fu Chen, Nan-Lin Wang, Gui-Ling Wang, Yong 
Zhou, Yong Zhu, Xiao- Yang Wang, Zhong-Xian Zhao, Zu-Yan 
Xu, Chuang-Tian Chen, Xing- Jiang Zhou, Chin. Phys. lett. 25, 
3761(2008) 

[9] H. Ding, P. Richard, K. Nakayama, K. Sugawara, T. Arakane, 

Y. Sekiba, A. Takayama, S. Souma, T. Sato, T. Takahashi, Z. 

Wang, X. Dai, Z. Fang, G. F. Chen, J. L. Luo, and N. L. Wang, 

Europhys. Lett. 83, 47001 (2008) 
[10] G. Li, W. Z. Hu, J. Dong, Z. Li, P Zheng, G. R Chen, J. L. Luo, 

and N. L. Wang, Phys. Rev. Lett. 101, 107004(2008) 
[11] K. Haule, J. H. Shim, and G. Kothar, Phys. Rev. Lett. 100, 



226402(2008) 

[12] Z. P Yin, S. Lebegue, M. J. Han, B. P Neal, S. Y. Savrasov, and 
W. E. Pickett, Phys. Rev. Lett. 101, 047001(2008) 

[13] C. Cao, P J. Hirschfeld and H. R Cheng, Phys. Rev. B 77, 
220506R(2008) 

[14] D. J. Singh and M.-H. Du, Phys. Rev. Lett. 100, 237003(2008) 

[15] S. Raghu, Xiao-Liang Qi, Chao-Xing Liu, D. J. Scalapino, and 
Shou-Cheng Zhang, Phys. Rev. B 77, 220503R(2008) 

[16] I. I. Mazin, D. J. Singh, M. D. Johannes, and M. H. Du, Phys. 
Rev. Lett. 101, 057003 (2008) 

[17] D. A. Wollman, D. J. Van Hariingen, W. C. Lee, D. M. Gins- 
berg, and A. J. Leggett, Phys. Rev. Lett. 71, 2134(1993) 

[18] D. A. Wollman, D. J. Van Hariingen, J. Giapintzakis, and D. M. 
Ginsberg, Phys. Rev. Lett. 74, 797(1995) 

[19] D.J. Van Hariingen, Rev. Mod. Phys. 67, 515(1995) 

[20] C. C. Tsuei, J. R. Kirtley, C. C. Chi, Lock See Yu-Jahnes, A. 
Gupta, T. Shaw, J. Z. Sun, and M. B. Ketchen, Phys. Rev. Lett. 
73, 593(1994) 

[21] C. C. Tsuei and J. R. Kirtley, Phys. Rev.Lett.85, 182(2000) 
[22] C. C. Tsuei and J. R. Kirtley, Rev. Mod. Phys.72, 969(2000) 
[23] Ariando, D. Darminto, H. -J. H. Smilde, V. Leca, D. H. A. 

Blank, H. Rogalla, and H. Hilgenkamp, Phys. Rev. Lett. 94, 

167001(2005) 

[24] G. R Chen, Z. Li, J. Dong, G. Li, W. Z. Hu, X. D. Zhang, X. 
H. Song, P Zheng, N. L. Wang, and J. L. Luo, Phys. Rev. B 78, 
224512 (2008) 

[25] V. B. Geshkenbein, A. I. Larkin, and A. Barone, Phys. Rev. B 
36, 235 (1987) 

[26] M. Sigrist and T. M. Rice, J. Phys. Soc. Jpn. 61, 4283 (1992) 
[27] Yunping Wang, Li Lu, and Dianlin Zhang, 
|arXiv:cond-mat/021028^ 



